ABSTRACT. For the Bronze Age Catacomb cultures of the North-West Caspian steppe area in Russia, there is a conflict between the traditional relative archaeological chronology and the chronology based on radiocarbon dates. We show that this conflict can be explained largely by the fact that most dates have been obtained on human bone material and are subject to 14 C reservoir effects. This was demonstrated by comparing paired 14 C dates derived from human and terrestrial herbivore bone collagen. In addition, values of stable isotope ratios (δ 13 C and δ 15 N) and analysis of food remains from vessels and the stomach contents of buried individuals indicate that a large part of the diet of these cultures consisted of fish and mollusks, and we conclude that this is the source of the reservoir effect.
INTRODUCTION
In this paper, we discuss the radiocarbon database of the East Manych Catacomb culture of the North-West Caspian steppe area in terms of chronological problems. Under the field and research program of the Steppe Archaeological Expedition of the State Historical Museum, many kurgans (burial mounds) from the Bronze Age have been excavated in the area. The kurgans contain stratigraphical information showing cultural sequences for the region. Over a primary burial, a roof was constructed and covered by a mound. The population of the same culture as well as subsequent cultures used the same burial mound. The vertical stratigraphy, horizontal planigraphy, and prehistoric classification of funeral rituals and goods yield relative chronologies for the various Bronze Age cultures of the area under investigation during the 3rd millennium BC: the Yamnaya culture, the3. 14 C dates of human bones from the East Manych Catacomb culture show that at some locations, evidence for this culture appears much earlier than the Early Catacomb and Yamnaya populations, ~2800 cal BC.
Thus, there are inconsistencies between the relative chronology and absolute time intervals based on 14 C dates. We believe that this can be explained by the so-called "reservoir effect" in human bone samples, which causes increased ages. The reservoir effect is caused by diets largely based on marine or freshwater sources, such as fish, mollusks, and water plants (Olsson 1983; Lanting and van der Plicht 1998; Kohn 1999; Yoneda et al. 2004) . In this paper, we discuss these apparent ages and show supporting evidence for a reservoir effect based on the stable isotope ratios (δ 13 C and δ 15 N) measured on the same bone collagen, and on food residue analysis.
RESERVOIR EFFECTS AND STABLE ISOTOPES FOR HUMAN BONE COLLAGEN

C Dating of Archaeological Fish Bones
To investigate local reservoir effects during the Bronze Age, bones of pike fish and terrestrial seeds of Lithospermum officinale taken from the same grave (Shakchaevskaya, grave 32, kurgan 4) were dated. This grave dates to the West Manych Catacomb culture, which is contemporaneous with the East Manych Catacomb culture. The results are shown in Table 1 . The 14 C dates are calibrated using the CALIB program by Stuiver and Reimer (1993) , using the IntCal04 calibration curve (Reimer et al. 2004) .
The difference in the 14 C ages obtained enables us to establish the local reservoir effect (for the West Manych river basin) during the Catacomb culture period to be 640 ± 60 14 C yr. This is simply the difference between the 2 dates. However, this correction cannot be used as a general correction valid for the region as it changes through time and appears to be different for different regions (Savinetsky and Khasanov 2004) .
Stable Isotopes in Human and Animal Bone Collagen
We investigated the stable isotope ratios (δ 13 C and δ 15 N) in human bones taken from the Early Catacomb and East Manych Catacomb cultures. They are compared with isotope data obtained for animal bones taken from the same kurgans and graves. Some samples were also 14 C dated (see Table 2 ).
The data presented in Table 2 show that for the Early Catacomb culture human bone collagen, the values of δ 13 C range from -21.54 to -15.29‰, and δ 15 N values range from +10.7 to +18.1‰. For herbivorous animal bones, the values of δ 13 C range from -21.16 to -18.65‰, while the δ 15 N values range from +4.7 to +9.9‰. There appear to be differences in human bone collagen obtained for several burial mounds (see Table 2 ). 
These differences in the isotope ratios could be explained by the fact that small pastoral family groups lived in different ecological contexts. They were mobile and occupied valleys of small steppe rivers or watershed plateaus during warm seasons, and during cold seasons moved to the Don or Volga delta regions, Caspian Sea or Black Sea coastline steppe areas, desert areas of the Black Lands (east part of the Caspian steppe), or the mountainous North Caucasus region. Differences in domesticated animal samples may be caused by the use of pastures with different vegetation.
Another possible explanation of the unusually high δ 15 N value range for one of the domesticated animals (sheep) dating back to the East Manych Catacomb culture is the ecological downturn that began in the area around 2400 cal BC (Shishlina 2001) . The most severe droughts led to changes of annual precipitation, resulting in quantitative and qualitative changes of morphological and chemical properties of the soils, local vegetation, and water resources available. This phenomenon is also observed in ancient Egypt; an arid climate can result in high δ 15 N values (Thompson et al. 2005 ).
The seasonal cycle of grassland use developed by the Early Catacomb and the East Manych Catacomb cultures population was characterized by small-and large-scale movements across the vast area of the North-West Caspian steppe. The area is characterized by a variety of ecological niches including numerous small steppe rivers, small and large steppe lakes, large valleys of the Low Don and Volga rivers, and large tributaries such as the Sal, East and West Manych rivers. The North Caucasus Piedmont region was also crossed by pastoral seasonal migrational routes favored by the steppe population. The region contains large rivers such as the Cuban, Kuma, Kalaus, and Egorlyk. The aquatic resources of this large area must have been used by the steppe population. Development of this large trade and exchange network dating back to the 3rd millennium BC led to the appearance of exotic imported items. Metal objects (tools, weapons, and ornaments) including silver and gold, textiles, luxury decorations made of precious stones (turquoise and carnelian) and faience, prestigious hammers, and a mace head made of North Caucasus stones appeared in the steppe. The steppe population traded their stock, i.e. domesticated animals and their craft products, for the aforesaid items. This may explain why they had to exploit all the food resources of their territory, including aquatic resources.
The stable isotope ratio of human bone can potentially be used as an indication for the reservoir effect, which makes 14 C dates too old. The 14 C dates obtained for these bones are shown in Table 2 . The stable isotope ratios (δ 13 C and δ 15 N) clearly show that all individuals apparently had a diet based largely on river and lake food, such as fish, mollusks, and water plants. Bones of pike, sturgeon, and carp (Shilov 1975) , as well as remains of microplates of lake and river fish scales pre- served in clay pots, confirm this observation. The 14 C dates would therefore require correction for a local reservoir effect.
The δ 15 N value, averaged for the human bones that were 14 C dated, is +15.4‰. We can estimate a reservoir correction by assuming δ 15 N values of +18‰ for a 100% terrestrial diet. Then, our data are consistent with an approximately 70% aquatic diet (i.e. aquatic to total protein). Based on these numbers, we estimate the 14 C reservoir effect as 400 ± 100 14 C yr (Cook et al. 2001 ).
Parallel Dating Using Different Contemporaneous Materials
The size of the reservoir effect can be estimated by parallel 14 C dating of wood and animal bones from the same or similar Early and East Manych Catacomb graves. The combination of carbon and nitrogen stable isotope ratios provides a direct measure of the diet of an individual.
Unfortunately, no well-preserved wood, textiles, or animal bones have been found in the graves for which we dated human bones. Such terrestrial samples are needed to properly identify reservoir effects and their correction (see e.g. Arneborg et al. 1999; Cook et al. 2001 ).
For the Early Catacomb culture, estimates of the reservoir correction can be made by comparative analyses of 14 C dates of human bones and wood from graves of the Khar-Zukha burial ground. Graves of this site are characterized by very similar funerary rituals and were made by a small independent group of Early Catacomb culture pastoralists. The data are shown in Table 3 and are from 1 burial ground only. Comparison of the 14 C date of wood with the 14 C dates of human bones shows that the dates obtained for human bones have apparent ages. The data shown in Table 3 are consistent with a reservoir effect of about 400 ± 100 14 C yr, as discussed above. A precise determination is not possible because of the large measurement errors, in particular for the wood sample. This conclusion should be confirmed by additional parallel dating of Early Catacomb culture samples for which we already have measured δ 13 C and δ 15 N (see Table 2 ).
Parallel dating was performed on human bone and a piece of a (non-human, presumably terrestrial herbivore) bone pin taken from the Zunda-Tolga-5 burial ground: kurgan 1, grave 7 (see Table 4 ). This grave dates to the Yamnaya-Catacomb cultural group, which is contemporaneous with the Early Catacomb culture. A woman 50-55 yr old was buried in this grave. Isotope data indicate that she consumed primarily fish. The 14 C date of the human bone shows an exceptionally large, apparently discrepant age. Based on the difference in age between the human bone and the bone pin, the reservoir correction would be about 750 yr. Clearly, this needs to be confirmed, and more work is needed for the reliable dating of this particular burial.
Parallel dating of different materials was conducted on human and animal bones taken from synchronous graves of the Ostrovnoy and Zunda-Tolga-1 East Manych Catacomb culture burial grounds (see Table 5 ). According to the relative stratigraphy of the kurgans, all graves belong to the same stratum.
From the stable isotope ratios, we conclude that also here, humans consumed river food. Based on the 2 14 C dates for human and sheep, we calculate the reservoir correction for the Ostrovnoy burial ground to be 230 ± 100 14 C yr. This is consistent with the δ 15 N values for these samples. From the n/a n/a 14 C dates of the wood and human bone, the reservoir correction for the Mandjikiny burial ground is 260 ± 140 14 C yr.
We also used a 14 C database available for different materials such as seeds, textiles, charcoal, wood, and sheep bone, obtained for the East Manych Catacomb culture, in order to compare the data with 14 C data of human bones (Table 6 ). All graves are characterized by similar funerary rituals and goods and must have been left by synchronous population groups. The 14 C dates given in Table 6 are obtained for different types of materials and show a significant variation in ages. However, we have to emphasize again that analyses of archaeological data (type of grave, grave goods, stratigraphic position) strongly suggest that graves from which all samples were taken were contemporaneous. Comparing 14 C dates from terrestrial bone samples, the 14 C dates of human bones are clearly older. This is confirmed by stable isotope data for 1 individual buried in the Chilgir burial ground (Table 2 ). This is a woman older than 45 yr whose stable isotopic composition indicates she consumed mainly river and lake food, showing an apparent 14 C age caused by the reservoir effect.
From the data in Table 6 , we calculate the (non-weighted) average 14 C dates for human bone as 4110 ± 50 BP; the other associated samples have an average value of 3870 ± 25 BP. The difference is a determination of the reservoir correction for the East Manych Catacomb graves: 240 ± 60 14 C yr. The data in Table 6 yield an approximate correction of 250-400 yr for the reservoir effect during the East Manych Catacomb culture. However, the size of this correction needs further verification. In addition, the correction value may be different for different local ecological systems of the NorthWest Caspian steppe.
Finally, we show a plot for the stable isotope ratios δ 13 C and δ 15 N for the bone samples discussed in this article (Figure 1 ). The figure presents an overview of these stable isotope values for humans, herbivore animals, a single fish, and the bone pin.
[ Figure 1 Stable isotope ratios δ 13 C (horizontal) and δ 15 N (vertical) for the bone samples discussed in this article. It shows an overview of these stable isotope values for humans, herbivore animals, a single fish, and a bone pin found in the Zunda-Tolga burial ground.
ADDITIONAL DIETARY COMPONENTS
Plant material has been identified for the Early Catacomb and East Manych Catacomb cultures. The data are shown in Tables 7 and 8 . Soil samples were taken from the contents of pots, from the area of the human stomach, and from between the teeth of human skeletons. These samples were analyzed for both pollen and phytoliths. After death, residue of the "last meal" could remain in the stomach cavity of the human skeleton. Such work has been done before for other archaeological sites (Shishlina 2001; Berg 2002) . Pollen and phytoliths could remain in the tooth stones and between teeth. In addition, cooking vessels are also known to show reservoir effects (Fischer and Heinemeier 2003) . The data in Tables 7 and 8 show that Catacomb culture populations consumed a lot of C 3 plants, common drug plants like wormwood (Artemisia) and strong drug plants such as hemp (Cannabis). Phytoliths of Cannabis and gramineous plants (oats) and remains of grains of gramineous wild plants (Hordeum, Helictotrichon) were found in many vessels. The pot from kurgan 1, grave 5, of the Zunda-Tolga-2 burial ground contained a lot of fish scales (river or lake fish). It is clear that the vessel contained a fish soup, prepared using 2 or 3 species. Bones of pike, sturgeon, and carp (Shilov 1975) as well as shells of river mollusks (i.e. Unio, Paludina sp., and others) were found in the Early Catacomb and Manych Catacomb culture graves.
(i) Early Catacomb Culture
In addition, we analyzed the "last meal"-the residue of the stomach area-and the area between the teeth of the buried individuals. Thus, we can compare data obtained from the vessels and for the residue of the stomach and tooth area of the buried individuals from the same grave. Two examples are very interesting: kurgan 1, grave 1; and kurgan 5, grave 5. It is clear that both people (who were very old) consumed some herbal drink in the moments before death, possibly for medical reasons. There were 5 vessels in one of the graves, where a man 45-55 yr old was buried. The residue of one of the vessels was identified as herbs. There were abundant remains of wild cereals in the area of the stomach of a woman 25-35 yr old. She appeared to have died during childbirth; there was a skeleton of an unborn infant inside her skeleton. In the pot that was placed inside the grave, many very poorly processed wild steppe cereals were identified. Pollen and phytoliths of wild steppe plants and cereals were found in the area between the teeth of the individuals, as well as pollen of herbs.
The content of control samples taken from the bottom of the graves, as well as from under the skull of the skeletons, differed from the content of the samples discussed above. Soil samples from the bottom of the graves are characterized by phytoliths of reed, sedge, feather-grass, and cane (i.e. steppe plants that were used to make vegetable fibers and plant mats). Soil samples taken from under the skull sometimes showed traces of steppe flowers and plants such as Chenopodiaceae, Tilia, Betula, Pinus, Liliaceae, Linaceae, Rumex, Asteraceae, Artemisia, and Varia. Other samples did not contain pollen grains (Shishlina 2001) .
No domesticated cereals or C 4 plants were found. Using a variety of food resources, the nomadic populations of the Catacomb cultures were able to prepare a variety of dishes: meat soup, fish soup, roast meat, porridge made of wild cereals (Hordeum and Helictotrichon), and strong drug teas.
CONCLUSION
Studies of the 14 C reservoir effect through identification of the paleodiet (using the stable isotopes δ 13 C and δ 15 N) and parallel dating of different samples taken from the same archaeological context explain the difference between the relative and absolute chronology of Bronze Age cultures, which is mainly based on 14 C dates of human bones. Such dates show an "apparent age" due to a 14 C reservoir effect.
Most 14 C dates of human bones of the Early Catacomb and East Manych Catacomb culture are older than expected. The population of these cultures consumed a significant quantity of food from freshwater sources (rivers and lakes), such as sturgeon, pike, carp, mollusks, and water plants. Stable isotope ratios of the bone collagen reflect this type of diet, while fish bones in graves and the remains of microplates of fish scales preserved in clay pots confirm their presence in the diet. The consumption of river food is the basis of the reservoir effect in the collagen of human bone.
At present, our new data set can only be used to make an approximate regional reservoir effect correction. Additional studies are needed to verify the correction for the Early Catacomb culture, which is about 400-500 yr, and for the East Manych Catacomb culture, which is about 300-450 yr. Using these corrections, we conclude that the historical time interval for the Early Catacomb culture is 2600-2350 cal BC, instead of 3300/2900-2450 cal BC, and for the East Manych Catacomb culture is 2500-2000 cal BC, instead of 2900/2800-2300 cal BC.
Such reservoir effect corrections need to be identified for other Bronze Age cultures, which can resolve existing discrepancies between relative and absolute chronology in the North-West Caspian Sea steppe.
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